BEFORE reading the account of the case which suggested this paper, it is proposed to touch on some of the points in connexion with the history, mode of action, technique, and indications of heart massage that a search of the literature and personal inquiries have revealed. For much of the matter in the paper the writer is deeply indebted to the works of Lenormant, Mocquot, Crile, Keen, and others, while professional friends have supplied many facts and opinions.
Historically, it is generally conceded that Schiff's experiments in 1874 first proved the value of rhythmic compression of the bare heart in animals; and he explained its action as effecting an artificial circulation. Hake, about the same time, published a work on the subject; no doubt inspired by Schiff's researches. From 1874 to 1877 Boehm and his pupils reported a series of researches on the reanimation of animals killed by potassium salts, chloroform, and asphyxiation, his method of reviving the heart being rhythmic compression of the thorax without opening it. Between 1887 and 1898 the hearts, first of cold and then of warm-blooded animals, were isolated by physiologists in endeavours to fix the conditions of myocardial automatic function. The work of Tuffier and Hallion in France and McWilliam in this country revived interest in 1898, and their experiments were controlled and expanded by Prevost and Batelli.
The theory that fibrillary tremor (" delirium cordis " of McWillialm) was the chief bar to successful reanimation was advanced by them.
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Later on Pr6vost and Batelli showed that during digestion aniinals were more successfully revived than when fasting. Arabian, after a parallel series of experiments, insisted on the importance of maintaining an adequate body temperature, and stated that if this were done the heartbeats may be restored after thirty minutes' cessation. Prus emphasized especially the necessity for both the respiration and circulation to be artificially reproduced by direct insufflation and cardiac massage, and he asserted that in asphyxial and chloroform deaths in dogs life may be restored as long as an hour after the cessation of the heart. In 1903 came Lane and Starling's successful case of subdiaphragmatic massage for collapse during an operation in the appendix region under ether. In this case the patient survived. This appears to have been the first reported success; yet there is good reason to believe that both successful and unsuccessful cases of this kind have been not infrequent, but from their very nature few have been published to the world. In 1903 appeared two other suggested methods for dealing with heart-failure. Crile, with the idea that vaso-dilatation in the splanchnic area with fall of pressure was the chief cause of the heart's stoppage, raised that pressure by compression of the lower limbs and the abdomen and by adrenalin injections. Spina injected fluids into arteries afferent to the heart so as to close the aortic cusps and induce the fluid to enter the coronaries. Employing this method of Spina in isolated hearts, Kuliabko proved the extreme vitality, of the myocardium and succeeded in restoring rhythmic beats in hearts two days after their isolation, after freezing and after various intoxications.
Recent work by Mummery and others has added pituitary-gland extract to the list of pressure-raising drugs-one more rapid, powerful, and persistent than adrenalin. But it is in the direction of heart massage that we must turn for a practical means of restarting a heart, and the conditions for its successful application have been laid down by Keen in America, Zesas in Germany, and Gross and Sencert in France. They arrived at the conclusion that intravascular and intracardiac injections employed by themselves remain uncertain remedies, that electricity is ineffectual and dangerous, and so we are left with cardiac massage to take its place beside the customary procedures in the treatment of heart failure during ancesthesia. The great difficulty is to define the exact moment when massage should be employed. In abdominal operations nothing should prevent the surgeon from performing subdiaphragmnatic massage when heart failure, accompanied by pallor, occurs; while when cyanosis is present they suggest from five to six minutes of the usual procedures before a resort to massage. This is an abbreviated and much-condensed sketch of the evolution of massage, which leads us OD to consider the principles which guide us in applying massage.
The experiments of Kuliabko on the frozen and poisoned isolated hearts of animals show that the muscular mechanism of the heart has a vitality that may be latent even for hours. And clinically we recognize that under certain conditions both circulation and respiration may be suspended and then completely recover; in other words, that there may be an interval between apparent and systemic death. Now, in several of the reported cases there has been a return of both spontaneous breathing and heartbeats for some hours, but death ultimately occurred without any return of consciousness. This points to a greater vulnerability and more rapid death of the delicate tissues of the higher nerve-centres; and it is this condition which demarcates the interval between apparent and systemic death. Assuming that no condition incompatible with life, such as profound injury, haemorrhage, disease, or poisoning, be present, the most hopeful cases of heart failure are those that occur during aniesthesia. In the chloroform accidents it is essential to distinguish between the various degrees of aniesthesia and between the different exciting causes that may stop the heart. Most of the dangers of anesthesia are no doubt avoidable, but there remain a certain number of cases which in our present knowledge baffle the experienced anesthetist; such as, for example, the so-called " status lymphaticus " and those early fatal cases of heart failure, with pallor, in apparently healthy subjects. The great variation in susceptibility to chloroform of individuals of the same type is common knowledge, and we have only to go a theoretical step further to reach a hypothetical person whose resistance to the toxic action is too feeble to permit of anesthesia. Given such a person, the question arises whether it is possible to restore animation by efforts to eliminate the toxic dose from the blood. Unfortunately it -is difficult to say, when successful, whether the efforts were the essential factors in the reanimation or whether the dose would in any case have been insufficient to kill.
The earlier the attempt is made, the greater the chance of success: hence the temptation to a possibly too precipitate resort to heroic measures. Apart from the restoration of the heart-beats, blood coagulation from circulatory arrest must be a necessary and variable barrier to the return of vital-functions.~3 Experiments on animals with a view to determining the length of time that the nervous system will survive after apparent death show varying results. Batelli has shown that recovery of the nervous system may occur after ten minutes of anaemia from electric stimulation; after fiftpen miinutes recovery is not constant, and it becomes impossible after twenty minutes. On the other hand, after twenty minutes of cessation due to electrical stimulation the heart can recover, but not, after thirty minutes; while heart arrest due to chloroform or asphyxia can only be restored up to ten minutes. Prus is the only observer who has been able to restart the heart after as long as an hour's arrest from chloroform and asphyxiation. Arabian asserts that he has restored both heart and nervous functions after thirty minutes' stoppage, and d'Halluin, in his more recent work, has shown that the heart may be revived by massage one hour fifteen minutes to one hour fifty minutes after stopping, and that the nervous system can recover after one hour fifteen minutes; but care was taken to prevent blood coagulation by the use of extract of leech-heads.
In man the experimental work is necessarily limited, but recorded cases proved the possibility of a return of life to the lower centres and the heart without any recovery of the more vulnerable higher nervous centres. Kummell by massage obtained contractions of the heart two hours after death in a man who had been hanged. Sick massaged the heart of a man by the thoracic route, and after three-quarters of an hour of arrest and a quarter of an hour of massage he obtained a survival for twenty-four hours. Riedel could feel the heart-beats after half an hour of massage in a man whose heart had ceased for three-quarters of an hour. This patient survived twelve hours. Delbet has had a good result in cases after ten to fifteen minutes of arrest, and he maintains that after this lapse of time in chloroform cases restoration of function is problematical. Ramsay's case in Launceston, Tasmania, proved the, possibility of recovery after five minutes' cessation of the heart, treated by massage through an epigastric incision.
An essential factor in the successful treatment of circulatory failureis the continuous perfusion of oxygenated blood. To ensure this, most authors have employed the method of direct insufflation of air or oxygen. This is not the place to discuss the relative efficiency of the, different methods of artificial respiration, but it may be submitted that whatever method be employed some direct intermittent pfessure should be brought to bear on the heart, by means of which an artificial circula_w tion is induced or encouraged. In animals, as Boehm showed, this Section of Ansesthetics compression of the thorax acts, as does heart massage, in restoring the ,beats of an arrested heart, and the analogy in man is borne out clinically in some cases of primary heart failure under chloroform. The maintenance of an adequate body temperature is an important condition in the restoration of the vital functions, which experiments on animals and clinical experience have placed beyond doubt. Bearing on this are-the experiments of Pr6vost and Batelli, who found that when an animal!was digesting a meal of albuminoids and carbohydrates its resistance to the action of chloroform was much greater than when fasting.
The practical suggestion of these experiments seems to be that we should minimize as far as possible in man any abstention from food before operations. Another point bearing on this is the fact that it has been long recognized that the inhibitory action of the vagus is intensified in the fasting animal. We know from experimental as well as clinical evidence that the response of the heart to stimulation or massage is influenced by the depth of the intoxication, by the resistive power of its nerve centres, as well as by the means employed to restore animation. In favourable conditions, then, when cessation of the heart-beat has not persisted too long, and when the manceuvres to effect reanimation are adequate, the paralvsed, flabby heart will regain its tone and more or less rapidly its regular rhythm. The condition of fibrillary tremor of the heart-muscle (the " delirium cordis " of McWilliam), which has been observed in animals and rarely in man, seems to indicate a condition from which recovery of normal action is problematical. The longer the duration of the anmemia, the more surely will fibrillary tremors supervene.
Some methods that have been employed for reviving a heart that has ceased to beat are as follow:
Aspiration, to empty a distended right heart, is a method that may do good in cases where the stoppage is caused by the over-distension; but in the failure that may occur under chloroform, where no overfilling but an acute paralytic dilatation is present, the method of aspiration must necessarily fail. In cases of air-entry through the veins this method has been recommended by Begouin and Mocquot. Electric Stimulation.-Lepage used an apparatus whose interruptions were isochronic with the heart-beats, and had a successful case in a condition of traumatic shock. Others have tried various kinds of electric stimulation, but without success in man.
Simple Puncture and Electric Puncture of the Heart are procedures which up to now do not show any record of success. 5 Intra-arterial, Intravenous, or Intracardiac Injections and Infusions.-These may be employed as adjuvants to other methods, but for practical purposes in sudden heart failure they are too slow and comnplicated.
The combined procedures advocated by Crile and Dolley may here be referred to. In a series of experiments on sixty dogs killed by chloroform, ether, and asphyxiation these observers obtained the best results from a complicated method that must be difficult to carry out clinically. While doing artificial respiration they massage the heart, directly or indirectly, by pressure on the thorax; they inject Ringer's solution into an art.ery afferent to the heart, and they add to this solution a therapeutic dose of adrenalin (10 c.c. of 1-1,000). They tried leech extract to prevent clotting, but it seemed to alter the viscosity of the blood in such a way as to cause fatal cedema of the lungs. They found that the longer the delay in resorting to action, the less likely was recovery to take place; and their experiments showed also cases where recovery was maintained for some hours, and then occurred a sudden failure of heart and respiration-a sequence of events that has been observed in man in several instances. Any trauma to the heart predisposed to clotting, and this seems to suggest the necessity for gentle massage in man. Crile reports a case of collapse that occurred at the end of an operation under ether for exophthalmic goitre, in which, after five to six minutes of heart arrest, rhythmic pressure was made on the thorax, and an indiarubber pneumatic suit applied to the lower limbs and abdomen. Just as adrenalin was going to be injected the heart-beats returned, and the patient recovered completely.
Massage of the Heart.-Of the several methods of restoring the beats of a stopped heart, massage alone appears to be justified by the results of its employment in arrest occurring under the influence of anaesthetics. The route by which access to the heart is obtained is either the thoracic, the subdiaphragmatic, or the transdiaphragmatic. By the thoracic route life has been restored in two instances out of a considerable number of cases. The time taken in opening the chest and pericardium, the danger of causing a pneumothorax, and other injuries are sufficient objections to the employment of this route, except where the heart is already exposed in the course of the original operation. The transdiaphragmatic route, from the abdominal cavity through the fibres of the diaphragm into the pericardial sac, has up to now been unsuccessful. There remains the subdiaphragmatic method-where the hand in the abdominal cavity strokes or compresses the heart with the diaphragm intervening. There have been at least ten successes by this method out of a considerable number of cases, and it may be submitted that this route is the only justifiable one. Where an operation wound already exists in the abdomen the course is clear, unless sepsis or firm adhesions bar the way. Where there is heart failure before the operation has begun, or in the course of an operation elsewhere than in the abdominal cavity, an abdominal incision should be made in the epigastric region, either median or in the " linea semilunaris," either of these being preferable to the curved incision along the left costal margin. The use of indiarubber gloves, or their removal if already soiled, and the rapid disinfection of the skin with some such antiseptic as tincture of iodine are details which make for the successful issue of the operation. Having introduced the hand between the left lobe of the liver and the diaphragm, pressure or stroking movements may be made with the palmar aspect of the fingers over the abdominal aspect of the pericardial attachment to the diaphragm, while some counter-pressure may be made by the other hand outside the parietes. If these manoeuvres be done rapidly and the reaction of the heart be prompt, there need be but momentary cessation of artificial respiration. In the case now brought forward this was so, but in more protracted stoppages tracheotomy or intubation, with insufflation of air or oxygen, is necessary to ensure blood oxygenation without interference with the massage. The rate at which the heart expands and contracts is usually slow at first, and the pressure or stroking movements should aim at synchronizing with the systole. When the beats become established there may be a period of tachyeardia before the normal rate returns.
The mode of action of this massage is no doubt complex. There seefns to be no doubt that mechanical stimulation plays some part in exciting heart contractions. Mechanical stimulation of the diaphragm, too, may cause a contraction of that muscle. This may induce an inspiration, and this in turn may initiate spontaneous respiration. Another suggested effect of massage is the emptying of an over-distended heart, but in the observed cases of heart failure under anmesthetics this condition did not appear to be present. " It has been suggested, and experiments have been made to prove, that by massage an artificial circulation is established. But this can hardly be the case, since with an inactive heart and no venous pressure the only effective factors in filling its cavities are thoracic aspiration and the pressure on the diaphragm from below." It is possible that massage tends to drive some blood into the coronary arteries, and it is known that by an adequate fluid pressure in these arteries, even of metallic mercury, the heart-beats may be re-established (Sollman).
Statistics of results give far too high a percentage of favourable cases, as the records of the failures are not published.
Dr. Waldo has reported sixty-three inquests in six and a half years on people who had died under ancesthetics, and Dr. Freyberger seventyfour cases of inquests for sudden death under anaesthesia. These facts are mentioned to account for some at least of .the unrecorded failures.
This study of the recorded cases should, however, enable us to formulate the conditions of success, and as in the following instance most of those conditions seem to have co-existed, it is narrated as completely as possible under the circumstances.
The patient was a woman, aged between 30 and 40, who was in Westminster Hospital suffering from gastric trouble. Mr. Charles Stonham, whom I have to thank for permission to report the case, proposed to explore the abdomen in the epigastric region. The patient in other respects appeared to be healthy. Chloroform was adiministered on an ordinary open mask, covered with a single layer of lint. Up to the stage of regular stertorous breathing, with a corneal reflex dulled but obtainable, the course of the anaesthesia gave no cause for anxiety. The patient was wheeled on the operating table from the adjoining anaesthetising room into the theatre, and while the bandages and guard were being removed from the area of operation the breathing suddenly failed, the pupils dilated fully with relaxed insensitive corneae, and the face and lips became deathly pale. No pulse and no cardiac impulse could be felt. Tongue traction, a good squeeze of the thorax over the diaphragm, and then artificial respiration were tried, without inducing any spontaneous breathing or any return of pulsation in the heart or arteries. Approximately three or four minutes after the heart stopped Mr. Stonham opened the abdomen in the left " linea semilunaris," by an incision commencing just beneath the costal margin and extending 4 in. downwards. There was no haemorrhage from the margins of the incision. While artificial respiration by Silvester's method was continued, so far as possible without interfering with the operation, Mr. Stonham, standing on the left side of the patient, introduced his right hand into the abdonen until he felt with the tips of his fingers the relaxed diaphragm, and through this a flabby heart that did not pulsate. Gently stroking the diaphragm below the attachment of the pericardium, and pressing towards the anterior thoracic wall, he felt an indescribable sensation of movement in the heart, and then soon he felt it contract and harden. The normal rhythm of the heart was slowly regained, and spontaneous respiration, contraction of the pupils, and corneal reflex were established almost immediately after the return of the heart-beats. Under ether on an open mask the stomach was examined, but no further operative measures were indicated, so the wound was sewn up and the patient made an uninterrupted recovery.
A careful search through the recorded cases has failed to discover any other instance where massage has been successful in a case of primary anesthetic heart failure, uncomplicated by any possible reflex shock or inhibition.
Mr. Stonham informs me that during an abdominal operation in the country, the patient's heart stopped while pulling on the mesentery, and that he more than once restored it by subdiaphragmatic massage. The patient recovered. He also has twice unsuccessfully opened the thorax and done direct massage of the heart. He holds very strongly the opinion that in cases of heart failure sub-diaphragmatic massage should be done without delay, and if this paper has made that point clear, it will have achieved its purpose.
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DISCUSSION.
The PRESIDENT (Mr. Gill) said the section wvas very much indebted to Dr. Orr for his learned and excellent paper. It was a subject of all-absorbing importance in cases of crisis and gravity which from time to time occurred in the course of anwesthetics. He had no first-hand knowledge of that mode of treatment, but he had read accounts of it, and had derived as much knowledge as possible under the circumstances. But in many of the reports all the conditions were not stated. What he was about to say he did not adduce as an analogous example, or as detracting from the excellence of Dr. Orr's remarks. He supposed all present knew that in cases of submersion in water the longest period after withdrawal of the body that the heart's action could be restored was nine minutes. A case was on record in which a man fell from the side of a barge head downwards and, being caught either by a rope or by one of his comrades, was prevented from sinking. He believed nine minutes elapsed before he was hauled on deck, but the man recovered. Nine minutes was a very long time, and perhaps the same effects, which were taking place in the body in that case, might be at work in those cases which were said to revive after an incision had been made in the abdomen and the heart massaged so as to cause it to contract.
Dr. DUDLEY BUXTON said Dr. Orr was to be congratulated upon bringing before the Section a most interesting case of heart massage and upon the lucid manner in which he had summarized our present knowledge of the subject. Although the treatment of dangers -inder anaesthetics which were due to respiratory failure was well understood and was sufficiently precise to insure prompt measures being adopted, the same was not true when the dangers which threatened the patient's life were due mainly or entirely to circulatory difficulties. The very fact that circulatory failure commonly ended fatally had led to a feeling of almost hopeless incredulity as to all measures the aim of which was to tide over a crisis caused by circulatory difficulties. As had been pointed out by Dr. Orr, cardiac percussion by Maas' method, acupuncture, and even aspiration of the ventricle, as well as rapidly adopting N6laton's method, by which the feet were raised above the level of the medulla oblongata, had all been advocated with more or less enthusiasm. The older plans of counterirritation over the precordium, stimulating the mucous membrane of the nose, anal dilatation and intramuscular or subdermic injections of ether, alcohol, strychnine, and so on, were now recognized as of little value except in slight circulatory complications, since to be of any value it was necessary that some blood movement in the arteries, veins, and capillaries should persist. At one time it was thought necessary to keep a battery in the room when an anaesthetic was given, with the view of being prepared to stimulate the heart by an electric current if cardiac failure occurred. At present heart massage practised by various methods was the plan which many thought held out the best means whereby a circulatory failure could be combated. Probably all the more rational plans of treatment-by which he (Dr. Dudley Buxton) meant heart massage, inversion, cardiac aspiration, rectal clysters, and free bleeding from veins-had failed because no very clear picture of the actual causation of the danger which threatened the patient's life had been in the mind of the person giving the anawsthetic at the moment when collapse occurred. It was certainly impossible to separate respiratory and circulatory phenomena, since respiration depended upon the efficient performance of circulation and vice versa. But for the purposes of discussion it was worth while to regard these cases of collapse as falling into the two categories of white syncope, when the blood had passed into the large venous sinuses of the abdomen, and when the heart and arteries were depleted, while the nerve centres were rendered anaemic; and the blue syncope, when the right ventricle was overfull, the pulmonary circulation was brought to a standstill because the vis a tergo was unable to overcome the obstruction in front. The two main factors in causing circulatory failure were fall of blood-pressure and acute distension with dilatation of the heart. Fall of blood-pressure must ensue whenever chloroform and many other anesthetics were introduced into the circulation. It was not necessary to inquire how far each of the factors, the enfeeblement of the heart muscle, the paretic state of the musculature of the arteries, the vasomotor paralysis with failure of the capillaries to maintain due tension of blood in the arteries, the interference with the thoracic suction exerting its influence upon the large veins, was responsible for the result. The main point was that fall of blood-pressure occurred, and occurred directly in proportion to the extent to which the tissues were subjected to the physiological action of the aneasthetic. It was a mathematical certainty that so much chloroform vapour in so much air when inspired into the lungs and thence absorbed into the blood stream and tissues produced so much fall of blood-pressure. There were many other factors no doubt operative in bringing about the result: the vitality of the tissues, the 11 quality of the blood, its richness or poverty in blood cells and hemoglobin, the initial blood-pressure and the possibly peculiar irritability of the nervous system, which rendered it a more ready prey to vagal effects and vagal inhibition of respiration and circulation. But it was not necessary to go into detail in dealing with the subject in hand, since one or all of the subsidiary circumstances mentioned would only act in the direction of making a smaller percentage of chloroform vapour in the inspired air bring about a greater fall of blood-pressure. The objects of heart massage must be to initiate cardiac rhythm, and in the case of the distended heart to assist the organ to empty itself and resume work. The causes of sudden cessation of the action of the heart and of its fibres passing into the abortive condition of delirium cordis, when its power of emptying itself was lost, were a reflex inhibition conveyed through the vagus and initiated in the lungs or through a peripheral nerve, direct effect of chloroform conveyed to the myocardium by the coronary circulation, and the increased peripheral resistance which prevented the heart emptying itself into the arteries. In asphyxia, as in chloroform toxcemia, this condition is present. If we accept the evidence adduced by McWilliam that in chloroform inhalation some degree of cardiac dilatation occurs, the amount varying directly with the strength of the vapour, it is clear that a rapid induction of anesthesia by a comparatively strong vapour commences a condition which may culminate in paralytic dilatation. We know that strong vapours, vapours greater than we wittingly employ in therapeusis, will bring about an instant cardiac standstill, and that in such cases, as the protoplasm of the heart is irretrievably damaged, no massage or mechanical stimulation can effect recovery. Some cases of accidental overdosing with breath-holding and struggling which occur in the hands of the inexperienced or careless no doubt get near this condition and cause catastrophe, even though artificial respiration and heart massage are employed. In less dangerous, in even comparatively safe, strengths of vapour, as safety is often accepted by persons giving chloroform, concurrent asphyxial complications or what not may cause this heart standstill, and it seems a justifiable and correct treatment to employ heart massage in such cases, both because it may assist in overcoming distension and in bringing about cardiocontraction by mechanical stimulation. But to be of any use it is necessary to adopt the measure promptly and remove all causes which militate against the due performance of circulation: bleeding when ttie pulmonary circulation is overfull and raising the patient with avoidance of pressure upon the abdomen, since such pressure can only increase the danger of the case by forcing more blood into the overfilled heart. When the cardiac cavities are not distended, and the respiration fails because the medullary centres are empty or are deprived of oxygen, massage may overcome the inhibition if it is present, but inversion and pressure upon the abdominal veins must be practised to fill the depleted ventricles and get blood pumped to the nervous system. It was not known, he believed, whether a heart standstill due to inhibition could be restarted by mechanical stimulation. It was known, however, through the work of Embley and Martin that whether or not the heart would escape from inhibition must depend upon the actual depth of the chloroform toxaemia. No doubt in the case of persons with asthenic hearts even comparatively tenuous chloroform vapours would produce standstill, and in these hearts if distension occurred, as it did very readily, the heart was incapable of emptying itself, although its muscle was not damaged by the amount of chloroform in the coronary circulation. It was very doubtful whether artificial respiration or bleeding would bring about resuscitation in such cases, and, as heart massage offered the best chance of overcoming the difficulties of the heart, it would appear far more rational to adopt it than to temporize until the distended heart, being deprived of oxygenated blood through cessation of the coronary circulation, passed into a condition of exhaustion and delirium. Considering the small amount of traumatism involved in securing the abdominal route, especially if the transdiaphragmatic method were avoided, it seemed more than expedient to pursue it in every case in which heart massage was practised. To sum up, it was then absolutely essential to carry in the mind the symptoms which would enable the anaesthetist to recognize the various conditions which led to circulatory failure and to separate them from that due to respiratory collapse, and to be prepared to adopt different measures suitable to the different cases. Subsidiary measures were, as a rule, important and helpful, but one formerly advocated-viz., electric stimulation of the heart-was to be deprecated, as it was open to grave dangers. The insertion of the needle into the wall of the heart might very readily produce inhibition by damaging the ganglia, and the passage of a current along it would certainly result in cardiospasm and inhibition, from which there would be no escape.
Dr. A. E. RUSSELL said he had been greatly initerested in the paper, and especially as regarded the length of time which intervened between the arrest of the action of the heart and the restoration of life. Three or four minutes was mentioned as the time, and Dr. Russell thought that five minutes was about the outside limit of time that the human brain could withstand the complete cessation of the circulation. But in chloroform arrest of the heart there was a complete arrest of the whole circulation, cerebral as well as bodily, and though animals could withstand a fairly long interval, he doubted whether that was so in man. Dr. Orr spoke of the nervous system withstanding one hour or oneand-a-half-hour arrest of the heart in animals. That was a very long time. An exhaustive series of experiments on cats were done by Stewart, Guthrie, Burns and Pike, in which it was shown that complete arrest of the cerebral circulation only was in no case followed by a complete recovery after a longer period than sixteen and a half minutes; It was also found that the chances of the animal recovering if the spinal cord was transected in the upper dorsal region were greatly diminished. In chloroform syncope the condition was somewhat comparable to transection of the spinal cord, because the cord had been submitted to the same arrest of the circulation as the brain. So that in chloroform syncope there was complete arrest of circulation in body, brain, and spinal cord. There were certain cases of cardiac massage after chloroform syncope, intermediate between those of immediate death and those of complete recovery; and their subsequent history was very interesting. A few had survived for so long as from twenty to twenty-four hours, and their symptoms during that time had been complete unconsciousness, with spasms and convulsions, unilateral twitchings, dilated pupils, loss of sphincter control, and ultimate death, the heart beating fairly well the whole time. T. A. Green reported such a case in 1906 of chloroform syncope, in which a boy lived twenty hours after restoration of the heart by cardiac massage. The pathology of these cases was obviously obscure. It was possible that irremediable degeneration occurred in the grey matter of the brain; but it was also possible that the symptoms might be due to oedema of the brain. He thought lumbar puncture might offer a prospect of recovery in these cases. He also suggested that in cases of chloroform syncope it was extremely urgent that very little time should be lost in starting the cardiac massage. He thought five minutes was the outside time that the brain could withstand the loss of its circulation, so that if two or three minutes of the ordinary methods of restoration did not restore the heart's activity, the abdominal operation and cardiac massage should be commenced. As Dr. Dudley Buxton said, there could be no doubt but that the massage, by forcing the blood round, in conjunction with the artificial respiration, would restore the coronary circulation, and everything must depend upon that.
Dr. E. A. STARLING desired to join in the expression of thanks to Dr. Orr which had been so eloquently voiced by Dr. Buxton for his interesting and complete account. He wished to relate a case which was not treated by direct massage of the heart in the way which had been described, but what he regarded as massage of the heart through the thoracic and abdominal parietes. The case was that of a child, 11 months old, which in 1906 required an anaesthetic to be administered. The operation was the needling of a congenital cataract. On two previous occasions the same ancesthetic had been given for a similar operation on the other eye, and on neither of those occasions did anything untoward happen. The child was weakly and underfed, and, like so many of those cases, almost imbecile. He gave chloroform on a Junker's inhaler-not the ordinary black vulcanite, but a celluloid mask, which, in so young a child, left considerable space for the access of air. The anesthetic was taken very well, and when the child was sufficiently under for that purpose, the head was slightly raised to permit a towel being pinned round, the child having been flat on the table. As soon as the head was raised the face became pale, the breathing stopped, and the pulse could not be felt. He pulled the child to the edge and hung the head over the end of the table, felt that the throat was clear, and drew the tongue forward, and started artificial respiration by compression of the chest. No beating of the heart could be heard with the stethoscope. Ether and strychnine were injected subcutaneously, though he had always regarded this as very feeble treatment. The child lay flaccid, with a cyanosed face, the cyanosis, he thought, being due to the head hanging down; and there was no sign of entry of air into the lungs. Warm saline was injected per rectum, but was returned, and the child appeared to be dead. He did not refer to the condition of the pupils, because for that operation atropine had been freely used. He passed the fingers of his left hand well under the ribs of the left hypochondrium, and compressed all the structures between his fingers and the ribs supported by the palm of his hand. After doing that five or six times there was a gasping inspiration, and then, with the stethoscope, the heart was heard to be beating irregularly. Artificial respiration was continued for some time, warmth was applied, and an enema of hot water and brandy was given and retained. Gradually the breathing became regular, and the colour of the patient and the pulse improved. The child was put to bed with hot-water bottles, and in an hour was able to take warm milk and water. The amount of chloroform used was between 2 dr. and 1 dr. A fortnight later he administered chloroform to the child without trouble, and once more after that. One remark he wished to make was on the necessity of maintaining artificial respiration for some time after such an event. The initial pulsations of the heart were not sufficiently strong to do without the aid of artificial respiration. The other remark he wished to make had some historical interest-a by-product of the case referred to by Dr. Orr, in which Mr. Lane massaged the heart through the diaphragm. He talked the matter over with Mr. Lane at the time, and he said he gained the idea from a visit to the laboratory of Professor Starling, where, when -an animal was under anesthesia and the heart stopped beating, the routine procedure was massage of the heart to restart it, and that was nearly always successful.
Dr. ORR, in reply, tlhanked the speakers who had been kind enough to express appreciation of his paper, the compilation of which had afforded him much pleasure, and taught him many things which he had not previously known. Many interesting details he had not been able to include in his paper. In answer to the President, there were distinct conditions: the heart failure resulting from asphyxiation, from electrical stimulation, from chloroform, and from other intoxications. So he did not think it was quite fair to argue from analogy with regard to the time after which asphyxiation caused a fatal result. Dr. Buxton's criticism amounted to a filling in of details which he had himself omitted. With regard to the distinction between white and blue syncope, the case reported in his paper was white syncope, while Dr. Ramsay's case was an excellent example of blue syncope. In both there was success by means of massage. The prompt action in carrying out the massage was the crux of the whole matter; time should not be wasted over abortive measures, such as tongue traction, intravenous or hypodermic injections, puncture of the heart and so on. He maintained strongly that a thoroughly prompt resort to epigastric incision with massage through the diaphragm was indicated as soon as one was satisfied that heart failure existed. Dr. Russell had spoken of the great vulnerability of the higher nervous centres, a point which the paper brought out. The suggestion with regard to lumbar puncture in the cases where recovery had apparently taken place, except in the highest centres, where the patient had restarted respiration and circulation and the higher centres remained in abeyance, seemed to be valuable, and it could certainly do no harm. If anybody should do it, and it were successful, it would be due to Dr. Russell for his suggestion. It was true that the heart could be got at without opening the abdomen in a small child. A friend of his told him of a case at a fever hospital. The child was unconscious, and the doctor did tracheotomy for diphtheria. The baby was apparently dead. He tickled the heart by pressure under the ribs on the left side, and found distinct evidence of the heart beating again. After it had been beating for a short time he desisted in his efforts, and it stopped; on recommencing the stimulus, the heart beat again. The child, however, did not eventually recover.
Notes on an Apparatus for the Administration of Ether by the purely Open Method.
By R. H. HODGSON, M.D.
BY your kind permission I have the pleasure of showing an apparatus which, I believe, is as effective as it is simple in the administration of ether by the open method, by which I mean that the patient is anesthetized by ether and air without breathing a second time the same air or ether. For I feel that the disfavour in which ether anaesthesia is held by many is almost wholly due to the want of recognition of the objectiv' able rebreathing. There can be little doubt but that patients who are anesthetized by the closed or partially-closed methods are more or less poisoned by their own breath, and that the deaths attributed to ether should be in reality assigned to auto-genetic narcotic poisoning which arrests the circulation in the capillaries of the lungs, whereas ether stimulates that circulation. We take great care that our ether shall be pure, yet when we give it by any other method than the absolutely open method we mix it with most irrespirable gases. In support of this opinion, I may point out that with the strictly open method I experienced none of the causes for anxiety inseparable from the administration of ether by the closed or partially-closed method, such as bronchitis, pleurisy, nephritis, &c., nor was there any struggling or excitement whilst going under or coming to. Ether, given in this manner, seems to me to be free from danger, no matter what the patient's condition; and, furthermore, by making ether the vehicle I have been able to give by
